Superheated emulsion droplets are a promising tool for localized drug delivery. The physical mechanisms underlying the ultrasound-triggered vaporization of phase-change emulsions are largely unexplored. Here we study the acoustic vaporization of individual micron-sized perfluoropentane droplets at a nanoseconds timescale. The nucleation and growth of the vapor bubbles was imaged at frame rates up to 20 Mfps. The droplet vaporization dynamics was observed to have three distinct regimes: 1. prior to nucleation, a regime of droplet deformation and oscillatory translations; 2. a rapid growth of a vapor bubble enhanced by ultrasound-driven rectified heat transfer; and 3. a final phase characterized by a relatively slow expansion that is fully dominated by heat transfer. A method to measure the moment of inception of the nucleation event with respect to the phase of the ultrasound wave is proposed. A simple physical model captures quantitatively all of the features of the subsequent vapor bubble growth. In addition, we study the role of gas through a model for a vapor-gas bubble, including thermal diffusion and gas diffusion inside the liquid and we find good agreement with the experimental data. We underline the fundamental role of gas diffusion to prevent total recondensation of the bubble at collapse.
BACKGROUND, MOTIVATION AND OBJECTIVE
Ultrasound can be used to phase-transition liquid droplets into gas bubbles -a process known as acoustic droplet vaporization (ADV) [1] . These droplets are composed of a volatile perfluorocarbon (PFC), such as perfluoropentane (PFP, 29°C boiling point), and stabilized by a surfactant shell. A PFP emulsion does not spontaneously vaporize when injected in vivo at 37°C [2, 3] . However, upon exposure to ultrasound above certain acoustic pressure amplitude, the PFC within the emulsion is vaporized [4] . Resulting bubbles become acoustically active ultrasound contrast agents, which are detectable for at least one second after nucleation [5] . Precursor phase-change droplets are five times smaller in diameter with respect to resulting bubbles. Such a small size allows them to extravasate through the leaky tumor vessels prior to activation. This opens up the possibilities in a wide variety of diagnostic and therapeutic applications, such as localized drug delivery, tumor imaging, and embolotherapy [6] . However, the physical mechanisms underlying the ultrasound-triggered nucleation and subsequent vaporization of these phasechange emulsions are largely unexplored. Here, we study both theoretically and experimentally the acoustic vaporization of individual micron-sized PFP droplets at a nanosecond time scale.
METHODS
Single perfluoropentane (PFP) emulsions (i.e. PFP-in-water) were prepared with bovine serum albumin using a previously published method [7] . Droplet samples were vaporized with a single ultrasound pulse, consisting of a burst of 4 to 10 cycles in length and at a peak negative pressure (PNP) of 4.5 MPa. They were imaged under a microscope equipped with a 40x water-immersion objective coupled to the Brandaris 128 ultra-high speed imaging facility providing a spatial resolution of 0.269 µm per pixel. The camera recorded sets of 128 images at a frame rate of up to 20 million frames per second (fps), thus providing an interframe time as low as 50 nanoseconds. Within the available parameter space, we varied the ambient temperature of the liquid bath. 
RESULTS AND DISCUSSION
The droplet vaporization dynamics (see Fig. 1 ) was observed to have three distinct regimes: I.
Prior to nucleation, a regime of droplet deformation and oscillatory translations within the surrounding fluid (see Fig. 1 ) along the propagation direction of the applied ultrasound with amplitude of 150 nm. II.
A regime characterized by the rapid growth of a vapor bubble with a speed of 5-10 m/s enhanced by ultrasound-driven rectified heat transfer. III.
A final phase characterized by a relatively slow expansion, after ultrasound stops, that is fully dominated by heat transfer (see Fig 3) . We propose a method to measure the moment of inception of the nucleation event with respect to the phase of the ultrasound wave. A simple physical model captures quantitatively all of the features of the subsequent vapor bubble growth. These new physical insights give valuable input in the design of new acoustic imaging and drug delivery agents. In addition, we study the role of gas through a model for a vapor-gas bubble, including thermal diffusion and gas diffusion inside the liquid and we find good agreement with the experimental data. We underline the fundamental role of gas diffusion to prevent total recondensation of the bubble at collapse. 
